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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a powered
device, an optical power feeding system, and a power
receiving method.

BACKGROUND OF INVENTION

[0002] Recently, an optical power feeding system has
been studied in which electric power is converted into
light (called feed light), the feed light is transmitted and is
converted into electric energy, and the electric energy is
used as electric power.

[0003] Patent Literature 1 describes an optical com-
munication device including an optical transmitter, an
optical fiber, and an optical receiver. The optical trans-
mitter transmits signal light modulated based on an elec-
trical signal and feed light for supplying electric power.
The optical fiber includes a core, a first cladding, and a
second cladding. The core transmits the signal light. The
first cladding is formed around the core, has a lower
refractive index than the core, and transmits the feed
light. The second cladding is formed around the first
cladding, and has a lower refractive index than the first
cladding. The optical receiver operates with electric
power converted from the feed light transmitted through
the first cladding of the optical fiber, and converts the
signal light transmitted through the core of the optical
fiber into the electrical signal.

CITATION LIST
PATENT LITERATURE

[0004] PatentLiterature 1: Japanese Unexamined Pa-
tent Application Publication No. 2010-135989

SUMMARY
PROBLEM TO BE SOLVED

[0005] It is useful if an optical power feeding system
can simultaneously transmit electric power and informa-
tion by inserting information on feed light.

[0006] The present disclosure enables simultaneous
transmission of electric power and information via feed
light.

SOLUTION TO PROBLEM

[0007] According tothe presentdisclosure, a powered
device includes a first light receiver, a second light re-
ceiver, and a demodulator.

[0008] The first light receiver converts feed light inci-
dent thereon into electric power.

[0009] The second lightreceiver converts the feed light
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into an electrical signal.

[0010] The demodulator demodulates the electrical
signal converted by the second light receiver, and ac-
quires information.

[0011] The information is superimposed on the feed
light in advance by modulation.

[0012] According to the present disclosure, an optical
power feeding system includes power sourcing equip-
ment and a powered device.

[0013] The power sourcing equipment outputs feed
light on which information is superimposed by modula-
tion.

[0014] The powered device includes a first light recei-
ver, a second light receiver, and a demodulator.

[0015] The first light receiver converts the feed light
incident thereon into electric power.

[0016] The second lightreceiver converts the feed light
reflected by a light receiving surface of the first light
receiver into an electrical signal.

[0017] The demodulator demodulates the electrical
signal converted by the second light receiver, and ac-
quires the information.

[0018] According to the present disclosure, an optical
power feeding system includes

power sourcing equipment and a powered device.
[0019] The power sourcing equipment outputs feed
light on which information is superimposed by modula-
tion.

[0020] The powered device includes a first light recei-
ver, a second light receiver, and a demodulator.

[0021] The first light receiver converts the feed light
incident thereon into electric power.

[0022] The second lightreceiver converts the feed light
transmitted through a light receiving surface of the first
light receiver into an electrical signal.

[0023] The demodulator demodulates the electrical
signal converted by the second light receiver, and ac-
quires the information.

[0024] According to the present disclosure, a power
receiving method includes

at a first light receiver, receiving feed light on which
information is superimposed in advance by modula-
tion, and converting the feed light into electric power;
at a second light receiver, receiving the feed light
reflected by a light receiving surface of the first light
receiver, and converting the feed light into an elec-
trical signal; and

demodulating the electrical signal converted at the
second light receiver, and acquiring the information.

[0025] According to the present disclosure, a power
receiving method includes

at a first light receiver, receiving feed light on which
information is superimposed in advance by modula-
tion, and converting the feed light into electric power;
at a second light receiver, receiving the feed light
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transmitted through a light receiving surface of the
first light receiver, and converting the feed light into
an electrical signal; and

demodulating the electrical signal converted at the
second light receiver, and acquiring the information.

ADVANTAGEOUS EFFECT

[0026] According to the present disclosure, electric
power and information can be simultaneously trans-
mitted via feed light.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027]

FIG. 1 is a configuration diagram of an optical power
feeding system according to a first embodiment of
the present disclosure.

FIG. 2 is a diagram illustrating an example of an
output waveform of feed light according to the first
embodiment of the present disclosure.

FIG. 3A is a diagram illustrating a light receiving
chamber according to the first embodiment of the
present disclosure.

FIG. 3Bis adiagramillustrating a variation of the light
receiving chamber according to the firstembodiment
of the present disclosure.

FIG. 3Cisadiagramillustrating a variation of the light
receiving chamber according to the firstembodiment
of the present disclosure.

FIG. 3D isadiagramillustrating a variation of the light
receiving chamber according to the first embodiment
of the present disclosure.

FIG. 4 is a configuration diagram of an optical power
feeding system according to a second embodiment
of the present disclosure.

FIG. 5Ais a diagram illustrating a variation or the like
of a light receiving chamber according to the second
embodiment of the present disclosure.

FIG. 5B is a diagram illustrating a variation or the like
of the light receiving chamber according to the sec-
ond embodiment of the present disclosure.

FIG. 5Cis adiagram illustrating a variation or the like
of the light receiving chamber according to the sec-
ond embodiment of the present disclosure.

FIG. 6 is a configuration diagram of an optical power
feeding system according to a third embodiment of
the present disclosure.

FIG. 7 is a configuration diagram of the optical power
feeding system according to the third embodiment of
the present disclosure, and illustrates optical con-
nectors, etc.

FIG. 8Ais a diagram illustrating a variation or the like
of a second light receiver according to the first em-
bodiment of the present disclosure.

FIG. 8B is a diagram illustrating a variation or the like
of the second light receiver according to the first
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embodiment of the present disclosure.
FIG. 8Cis adiagramiillustrating a variation or the like
of the second light receiver according to the first
embodiment of the present disclosure.
FIG. 9Ais a diagramiillustrating a variation or the like
of a second light receiver according to the second
embodiment of the present disclosure.
FIG. 9B is a diagram illustrating a variation or the like
of the second light receiver according to the second
embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0028] An embodiment of the present disclosure is
described below with reference to the drawings.

[First Embodiment]

[0029] Asillustratedin FIG. 1, an optical power feeding
system 1A according to the present embodiment in-
cludes PSE (Power Sourcing Equipment) 110 and a
PD (Powered Device) 310. The optical power feeding
system 1A transmits feed light 112 generated by the PSE
110 to the PD 310 via a space. Such an optical power
feeding method based on spatial transmission is called
PoA (Power over Air).

[0030] Inthe presentdisclosure, the PSE is equipment
that converts electric power into optical energy and sup-
plies the optical energy, and the powered device is a
device that is supplied with the optical energy and con-
verts the optical energy into electric power. In the present
disclosure, electric power and information (data) are
transmitted via feed light.

[0031] The PSE 110 includes a semiconductor laser
111 for power feeding and a power feeding controller 150.
[0032] The PSE 110 is connected to a power source,
and the semiconductor laser 111 for power feeding and so
on are electrically driven.

[0033] The semiconductor laser 111 for power feeding
uses electric power from the power source to perform
laser oscillation and output the feed light 112.

[0034] ThePSE 110includesalens 115, forexample, a
collimator lens. The PSE 110 transmits the feed light 112
emitted from the semiconductor laser 111 for power
feeding to a space through the lens 115. Note that when
the spread of the feed light 112 is small or the like, the lens
115 may be omitted.

[0035] The power feeding controller 150 controls laser
oscillation of the semiconductor laser 111 for power feed-
ing to control outputting of the feed light 112. The power
feeding controller 150 pulse-modulates a laser output of
the feed light 112 to superimpose information on the feed
light 112. Specifically, as illustrated in FIG. 2, based on
information to be transmitted, the power feeding control-
ler 150 changes the output of the feed light 112 in a pulse
form to generate an output changing portion Pw having a
pulse waveform. At this time, the power feeding controller
150 superimposes the output changing portion Pw hav-
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ing the pulse waveform on a predetermined base output
(fundamental output) Pb while maintaining the base out-
put Pb. Note that the base output Pb need not be con-
stant.

[0036] Although FIG. 2 illustrates an example of a
binarized laser output. However, higher-order digital
modulation with more values or analog modulation
may be performed.

[0037] Theinformation to be superimposed on the feed
light 112 is not particularly limited. For example, the
information may be a signal for notifying the PD 310 of
a power transmission state of the PSE 110 (e.g., an
upcoming increase in an amount of power feeding), a
signal for controlling a device (or an external device) of
the PD 310, or the like.

[0038] The PD 310 includes a light receiving chamber
312 that receives the feed light 112 from the PSE 110.
[0039] The lightreceivingchamber312includes alens
313 such as a parallel flat plate or a condensing lens
having no power at an opening 312b of a wall adjacent to
the PSE 110. The feed light 112 from the PSE 110 passes
through the lens 313, and enters the light receiving
chamber 312. Note that the light receiving chamber
312 may not include the lens 313, and the feed light
112 may directly enter inside of the light receiving cham-
ber 312.

[0040] As illustrated in FIG. 3A, the light receiving
chamber 312 accommodates therein two light receivers
311 (afirstlight receiver 311a and a second light receiver
311b), which are photoelectric conversion elements.
[0041] Among these light receivers, the first light re-
ceiver 311a is disposed at a portion facing the lens 313
(the opening 312b) in the light receiving chamber 312.
The feed light 112 that has transmitted through the lens
313 and has entered the light receiving chamber 312 is
firstincident on the first light receiver 311a. The first light
receiver 311a converts the feed light 112 incident on a
light receiving surface 311af thereof into electric power.
The electric power obtained by the firstlight receiver 311a
through the conversion is used as driving electric power
neededinthe PD 310. The PD 310 may also output, foran
external device, the electric power obtained by the first
light receiver 311a through the conversion.

[0042] In the light receiving chamber 312, the second
light receiver 311b is disposed at a lateral-side wall
relative to the first light receiver 311a in the vicinity of
the first light receiver 311a. The second light receiver
311b converts the feed light 112 (reflected light 113) that
has been reflected by the light receiving surface 311af of
the first light receiver 311a and incident on a light receiv-
ing surface 311bf of the second light receiver 311b into an
electrical signal. As a result, a residual part (i.e., the
reflected light 113) of the feed light 112 that has not been
converted into electric power by the first light receiver
311ais converted by the second light receiver 311b, and
an electrical signal having a pulse signal corresponding
to the output changing portion Pw is obtained.

[0043] Note that the position of the second light recei-
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ver 311b in the light receiving chamber 312 is not parti-
cularly limited as long as the reflected light 113 is incident
on the position. For example, the second light receiver
311b may be disposed in parallel with the first light
receiver 311a as illustrated in FIG. 3B, or may be dis-
posed on a wall facing the first light receiver 311a as
illustrated in FIG. 3C.

[0044] As illustrated in FIG. 3D, the light receiving
chamber 312 may be provided therein with a partition
wall 312c partitioning between the first light receiver 311a
and the second light receiver 311b. The position of the
second light receiver 311b may be on any wall of the light
receiving chamber 312 that is on a side opposite to the
first light receiver 311a with the partition wall 312c inter-
posed therebetween. The partition wall 312c includes a
light guide 312d that allows the reflected light 113 to pass
therethrough. The light guide 312d is, for example, a
through-hole such as a pin hole. An optical system for
condensing the reflected light 113 passing through the
light guide 312d to the second light receiver 311b may be
provided in the vicinity of the light guide 312d.

[0045] Aninner wall surface 312a of the light receiving
chamber 312 is a satin finished surface having lots of
unevenness to diffuse light. Instead of (or in addition to)
making the inner wall surface 312a be the satin finished
surface, the inner wall surface 312a may have a color with
a high light absorptance (or low light reflectance). The
coloring method is not particularly limited. Here, the
"color with a high light absorptance” includes, for exam-
ple, black oracolor similarto black. The inner wall surface
312a may just include the area of the satin finished sur-
face or the color with a high absorptance in at least part
thereof and need not include the area in the entirety
thereof.

[0046] The second light receiver 311b (photoelectric
conversion element) outputs electricity at a resolution
corresponding to the intensity of light. This may make it
difficult to extractinformation when the incidentlightis too
strong. Therefore, the reflected light 113 is diffused or
absorbed by the inner wall surface 312a that is the satin
finished surface or has the color with a high absorptance
to be appropriately weakened. This allows the informa-
tion to be suitably extracted at the second light receiver
311b. In this case, a configuration for determining the
degree of diffusion or absorption by the inner wall surface
312a (such as a specific configuration of unevenness on
the satin finished surface or a color density) may be in
accordance with the photoelectric conversion character-
istics of the second light receiver 311b, including the
above-described positional relationship between the
second light receiver 311b and the first light receiver
311a. Photoelectric conversion at the second light recei-
ver 311b is detected based on a voltage in an area where
light is weak, and is detected based on a current in an
area where light is strong. In this way, information may be
extracted more suitably.

[0047] Note thatthe second light receiver 311b may be
any light receiver that converts the feed light 112 that has
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entered the PD 310 into an electrical signal. That is, the
feed light 112 incident on the second lightreceiver 311bis
not limited to light reflected by the light receiving surface
311af of the first light receiver 311a.

[0048] For example, as illustrated in FIG. 8A, the sec-
ond light receiver 311b may convert the feed light 112
(transmitted light 114) transmitted through (the light re-
ceiving surface 311af of) the first light receiver 311a into
an electrical signal.

[0049] In this case, the second light receiver 311b is
disposed, for example, on a back surface side of the first
light receiver 311a (on a side opposite to the light receiv-
ing surface 311af)to be inthe vicinity of (orin contact with)
the first light receiver 311a. Thus, the second light recei-
ver 311b converts the transmitted light 114 leaking from
the back surface of the firstlight receiver 311ato obtainan
electrical signal. The position of the second light receiver
311b is not particularly limited as long as the transmitted
light 114 is incident on the position, and may be, for
example, on a lateral side of the first light receiver
311a. The second light receiver 311b may be smaller
than the first light receiver 311a in size.

[0050] As illustrated in FIG. 8B, the first light receiver
311a may be provided with a light shielding plate 311ag
(including a reflective plate or the like) at the back surface
thereof. The light shielding plate 311ag may include a
hole 311ah such as a pin hole or a slit. The light shielding
plate 311ag may be disposed between the first light
receiver 311a and the second light receiver 311b. Thus,
the transmitted light 114 is caused to pass through the
hole 311ah, and the position and the like of the trans-
mitted light 114 can be controlled.

[0051] As illustrated in FIG. 8C, the transmitted light
114 from the hole 311ah of the light shielding plate 311ag
may be incident on the second light receiver 311b, and
the transmitted light 114 from an area other than the light
shielding plate 311ag may be incident on an optical
waveguide 316. The transmitted light 114 may be guided
(condensed) to a light incident surface of the optical
waveguide 316. Thus, the transmitted light 114 that is
the residual part other than the light incident on the
second light receiver 311b can be used as another signal
source. In this case, a shutter (not illustrated) may be
disposed between the optical waveguide 316 and the first
light receiver 311a, and may be opened or closed to
superimpose information on the transmitted light 114.
[0052] As illustrated in FIG. 1, the PD 310 further
includes a demodulation circuit 370 outside the light
receiving chamber 312.

[0053] The demodulation circuit 370 demodulates the
electrical signal converted from the feed light 112 by the
second light receiver 311b (i.e., the pulse signal corre-
sponding to the output changing portion Pw), and ac-
quires the information superimposed on the feed light 112
in advance. The acquired information is output to a con-
troller or the like of the PD 310 or output to an external
device in accordance with contents of the information.
[0054] The semiconductor laser 111 for power feeding
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and the two light receivers 311 are each a photoelectric
conversion element including a laser medium of a laser
wavelength of 500 nm or shorter. More specifically, semi-
conductor materials of semiconductor regions that ex-
hibit a light-electricity conversion effect of the semicon-
ductor laser 111 for power feeding and the two light
receivers 311 are semiconductors having a short laser
wavelength of 500 nm or shorter.

[0055] The semiconductors having a short laser wa-
velength have a large band gap and a high photoelectric
conversion efficiency. Thus, the photoelectric conversion
efficiency on the power-generating side and the powered
side of optical power feeding increases, and conse-
quently the optical power feeding efficiency increases.
[0056] Therefore, the semiconductor materials to be
used may be, for example, semiconductor materials that
are laser media of a laser wavelength (fundamental
wave) of 200 to 500 nm such as diamond, gallium oxide,
aluminum nitride, and gallium nitride.

[0057] The semiconductor materials to be used may be
semiconductors having a band gap of 2.4 eV or greater.
[0058] For example, semiconductor materials that are
laser media of a band gap of 2.4 to 6.2 eV such as
diamond, gallium oxide, aluminum nitride, and gallium
nitride may be used.

[0059] Laserlightof alonger wavelength tends to have
a higher transmission efficiency. Laser light of a shorter
wavelength tends to have a higher photoelectric conver-
sion efficiency. Thus, for long-distance transmission, a
semiconductor material that is a laser medium of a laser
wavelength (fundamental wave) longer than 500 nm may
be used. When the photoelectric conversion efficiency is
prioritized, a semiconductor material that is a laser med-
ium of a laser wavelength (fundamental wave) shorter
than 200 nm may be used.

[0060] These semiconductor materials may be usedin
at least one selected from the group consisting of the
semiconductor laser 111 for power feeding and the two
light receivers 311. The photoelectric conversion effi-
ciency increases on the power-sourcing side or the pow-
ered side, and consequently the optical power feeding
efficiency increases.

[0061] As described above, according to the first em-
bodiment, the feed light 112 incident on the first light
receiver 311a is converted into electric power by the first
light receiver 311a. On the other hand, the feed light 112
incident on the second light receiver 311b is converted
into an electrical signal by the second light receiver 311b.
This electrical signal is then demodulated by the demo-
dulation circuit 370, and the information superimposed
on the feed light 112 in advance is acquired.

[0062] Thus, electric power and information can be
simultaneously transmitted via the feed light 112.
[0063] According to the present embodiment, the sec-
ond light receiver 311b converts the feed light 112 (the
reflected light 113) reflected by the light receiving surface
311af of the first light receiver 311a into an electrical
signal.
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[0064] Thus, while a major part of the feed light 112 is
suitably converted into electric power by the first light
receiver 311a, information can be suitably extracted from
the residual part (that is, the reflected light 113) that has
not been converted into electric power by the first light
receiver 311a.

[0065] According to the present embodiment, the first
lightreceiver 311a and the second lightreceiver 311b are
accommodated in the same light receiving chamber 312.
[0066] Thus, the first light receiver 311a and the sec-
ond light receiver 311b can be disposed in the vicinity of
each other, and the reflected light 113 reflected by the first
light receiver 311a can be suitably incident on the second
light receiver 311b.

[0067] Accordingto the presentembodiment, the inner
wall surface 312a of the light receiving chamber 312 has
unevenness to diffuse light, a color with a high light
absorptance, or both the unevenness and the color.
[0068] Thus, thereflected light 113 reflected by the first
light receiver 311a can be diffused or absorbed by the
inner wall surface 312a to be suitably weakened. Thus,
the reflected light 113 having an intensity corresponding
to the photoelectric conversion characteristics of the
second light receiver 311b can be incident on the second
lightreceiver 311b, and consequently the information can
be suitably extracted from the reflected light 113.
[0069] According to the present embodiment, in the
feed light 112, the output changing portion Pw into which
the information is modulated is superimposed on the
predetermined base output Pb.

[0070] Thus, at least electric power corresponding to
the base output Pb can be stably acquired through photo-
electric conversion of the feed light 112 at the first light
receiver 311a.

[0071] According to the present embodiment, the sec-
ond light receiver 311b may convert the feed light 112 (the
transmitted light 114) transmitted through the light receiv-
ing surface 311af of the first light receiver 311a into an
electrical signal.

[0072] Thus, while a major part of the feed light 112 is
suitably converted into electric power by the first light
receiver 311a, information can be suitably extracted from
theresidual part (thatis, the transmitted light 114) thathas
not been converted into electric power by the first light
receiver 311a.

[0073] In this case, the second light receiver 311b can
be arranged in the vicinity of the first light receiver 311a.
Consequently, the PD 310 can be made compact.
[0074] Inthis case, since the transmitted light 114 from
thefirstlightreceiver 311ais easily incident on the second
light receiver 311b, the second light receiver 311b that is
smaller than the first light receiver 311a can be used.
Consequently, the second light receiver 311b having a
higher reaction speed can be used.

[0075] According to the present embodiment, the light
shielding plate 311ag disposed between the first light
receiver 311a and the second light receiver 311b may
include the hole 311ah through which the feed light 112
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(the transmitted light 114) transmitted through the light
receiving surface 311af of the first light receiver 311a
passes.

[0076] Thus, the transmitted light 114 passes through
the hole 311ah, and the position and the like of the
transmitted light 114 can be suitably controlled.

[0077] According to the present embodiment, the feed
light 112 (the transmitted light 114) transmitted through
the light receiving surface 311af of the first light receiver
311a may be incident on the optical waveguide 316.
[0078] Thus, the transmitted light 114 can be used as
another signal source.

[Second Embodiment]

[0079] Asillustratedin FIG. 4, an optical power feeding
system 1B of the present embodiment includes the PSE
110, an optical fiber cable 200, and the PD 310. The
optical power feeding system 1B transmits the feed light
112 generated by the PSE 110 to the PD 310 through the
optical fiber cable 200. Such an optical power feeding
method is called PoF (Power over Fiber). The optical
power feeding system 1B of the present embodiment is
different from that of the first embodiment in that the feed
light 112is transmitted through the optical fiber cable 200.
[0080] The optical fiber cable 200 includes an optical
fiber 250 that forms a channel of feed light.

[0081] The optical fiber cable 200 has one end 201
connectable to the PSE 110 and an other end 202 con-
nectable to the PD 310, and transmits the feed light 112.
[0082] Inthe PSE 110, the powerfeeding controller 150
pulse-modulates a laser output of the feed light 112, and
outputs the feed light 112 on which information is super-
imposed. The feed light 112 from the PSE 110 is input to
the one end 201 of the optical fiber cable 200, propagates
through the optical fiber 250, and is output from the other
end 202 to the PD 310.

[0083] The feed light 112 output from the optical fiber
cable 200 to the PD 310 is incident on the first light
receiver 311a in the light receiving chamber 312, and
is converted into electric power. Of the feed light 112 that
has entered the light receiving chamber 312, the light (the
reflected light 113) reflected by the light receiving surface
3 11af of the first light receiver 311a is converted into an
electrical signal by the second light receiver 311b, and is
demodulated by the demodulation circuit 370, so that the
information superimposed on the feed light 112 in ad-
vance is acquired.

[0084] As a semiconductor material of a semiconduc-
tor region that exhibits a light-electricity conversion ef-
fect, the semiconductor laser 111 for power feeding and
the two light receivers 311 each include a material that is
the same as and/or similar to that of the first embodiment.
Thus, a high optical power feeding efficiency is imple-
mented.

[0085] With the optical power feeding system 1B con-
figured as described above, effects that are the same as
and/or similar to those of the first embodiment can be
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obtained.

[0086] As illustrated in FIG. 5A, the optical fiber 250
may be inserted into the light receiving chamber 312 (for
example, up to a point immediately before the first light
receiver 311a). A light exit surface 251 of the optical fiber
250 directly faces the light receiving surface 311af of the
first light receiver 311a. That is, an exit direction of the
light from the light exit surface 251 is substantially ortho-
gonal to the light receiving surface 311af. However, the
exit direction of the light from the light exit surface 251
may be inclined relative to the light receiving surface
311af of the first light receiver 311a.

[0087] As illustrated in FIG. 5B, the second light recei-
ver 311b may be accommodated in a second light receiv-
ing chamber 315 coupled to the light receiving chamber
312 through a coupling optical path 314 through which
light propagates. Inner wall surfaces of the coupling
optical path 314 and the second light receiving chamber
315 each may be a satin finished surface having uneven-
ness and/or have a color with a high light absorptance,
similarly to the inner wall surface 312a of the light receiv-
ing chamber 312.

[0088] Alternatively, as illustrated in FIG. 5C, the op-
tical fiber 250 and the two light receivers 311 may be
directly coupled to each other without providing the light
receiving chamber 312. In this case, the light receiving
surface 311af of the first light receiver 311afaces the light
exit surface 251 of the optical fiber 250 in the vicinity of the
light exit surface 251. The light receiving surface 311bf of
the second light receiver 311b faces a waveguide portion
of the optical fiber 250, the waveguide portion being
upstream of the light exit surface 251 in terms of the feed
light 112.

[0089] With such a configuration, the light receiving
chamber 312 can be omitted and the configuration can be
simplified, and the second light receiver 311b can be
disposed relatively freely in a longitudinal direction of
the optical fiber 250.

[0090] The second light receiver 311b may be dis-
posed at a position where the light (the feed light 112)
radiated to the first light receiver 311a from the optical
fiber 250 can be suitably avoided (is not blocked).
[0091] Specifically, asillustratedin FIG. 9A, the second
light receiver 311b may be disposed outside a radiation
range R of the light radiated from the light exit surface 251
of the optical fiber 250. The radiation range R is a conical
range having a central axis that is an exit direction LD of
the light from the light exit surface 251 of the optical fiber
250 and having a vertex angle that is twice an exitangle 6
of the light. The exit angle 6 is defined by Equation (1)
below.

NA=n-sinf --- (1),

where
NA denotes a numerical aperture of the optical fiber 250,
and n denotes a refractive index of air (~ 1).
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[0092] Asillustratedin FIG. 9B, the second light recei-
ver 311b may be disposed at a position that is as close as
possible to a reflection trajectory RTof light that exits from
the light exit surface 251 of the optical fiber 250 in the exit
direction LD (exit center) and is regularly reflected by the
lightreceiving surface 311af. In the present embodiment,
the second light receiver 311b is disposed within a pre-
determined distance from the reflection trajectory RT.
[0093] Thus, the reflected light 113 distributed more on
the reflection trajectory RTcan be suitably incident on the
second light receiver 311b, and an amount of light re-
ceived by the second light receiver 311b can be in-
creased.

[0094] FIG. 9B illustrates the exit direction LD inclined
relative to the light receiving surface 311af for ease of
understanding. However, the exit direction LD and the
reflection trajectory RT substantially coincide with each
other when the exit direction LD is orthogonal to the light
receiving surface 311af.

[0095] The second light receiver 311b may be dis-
posed at a position as close as possible to an intersection
PI of the light receiving surface 3 1 1af and the exit
direction LD of the light from the light exit surface 251
of the optical fiber 250.

[0096] Thus, the reflected light 113 distributed more
around the intersection PI of the light receiving surface
311af and the exit direction LD of the light can be suitably
incidenton the second lightreceiver 311b, and an amount
of light received by the second light receiver 311b can be
increased.

[Third Embodiment]

[0097] Asillustratedin FIG. 6, an optical power feeding
system 1C of the present embodiment includes a power
feeding system and an optical communication system
through an optical fiber. The optical power feeding sys-
tem 1C includes a first data communication apparatus
100 including the PSE (Power Sourcing Equipment) 110,
an optical fiber cable 200C, and a second data commu-
nication apparatus 300 including the PD (Powered De-
vice) 310.

[0098] The PSE 110 includes the semiconductor laser
111 for power feeding and the power feeding controller
150. The first data communication apparatus 100 in-
cludes, in addition to the PSE 110, a receiver 130. The
first data communication apparatus 100 corresponds to
DTE (Data Terminal Equipment), a repeater, or the like.
The receiver 130 includes a photodiode 131 for signals.
[0099] The optical fiber cable 200C includes an optical
fiber 250C including a core 210C that forms a channel of
signal light, and a cladding 220C that is disposed around
an outer periphery of the core 210C and forms a channel
of feed light.

[0100] The PD 310 includes the demodulation circuit
370 and the light receiving chamber 312 that accommo-
dates the two light receivers 311. The second data com-
munication apparatus 300 includes, in addition to the PD
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310, a transmitter 320 and a data processing unit 340.
The second data communication apparatus 300 corre-
sponds to a power end station or the like. The transmitter
320 includes a semiconductor laser 321 for signals and a
modulator 322. The data processing unit 340 processes
a received signal. The second data communication ap-
paratus 300 is a node in a power feeding network. Alter-
natively, the second data communication apparatus 300
may be a node that communicates with another node.
[0101] The first data communication apparatus 100 is
connected to a power source, and the semiconductor
laser 111 for power feeding, the photodiode 131 for
signals, and so on are electrically driven. The first data
communication apparatus 100 is a node in the power
feeding network. Alternatively, the first data communica-
tion apparatus 100 may be a node that communicates
with another node.

[0102] The semiconductor laser 111 for power feeding
uses electric power from the power source to perform
laser oscillation and output the feed light 112. At this time,
the power feeding controller 150 controls laser oscillation
ofthe semiconductorlaser 111 for power feeding to pulse-
modulate the laser output of the feed light 112 and thus
superimpose information on the feed light 112.

[0103] The first light receiver 311a converts the feed
light 112 transmitted through the optical fiber cable 200C
into electric power. The obtained electric power is used as
driving electric power for the transmitter 320 and the data
processing unit 340 and as other driving electric power
needed in the second data communication apparatus
300. The second data communication apparatus 300
may also output, for an external device, the obtained
electric power.

[0104] The second light receiver 311b converts the
feed light 112 (the reflected light 113) reflected by the
light receiving surface 311af of the firstlight receiver 311a
into an electrical signal. The demodulation circuit 370
demodulates the electrical signal converted by the sec-
ond light receiver 311b and extracts the information
superimposed on the feed light 112 in advance. The
acquired information is output to the data processing unit
340 or an external device in accordance with contents of
the information.

[0105] The data processing unit 340 transmits input
data to a node. On the other hand, the data processing
unit 340 receives data from the node, and outputs the
data as transmission data 324 to the modulator 322.
[0106] The modulator 322 of the transmitter 320 mod-
ulates, based on the transmission data 324, laser light
323 output from the semiconductor laser 321 for signals
into signal light 325, and outputs the signal light 325.
[0107] The photodiode 131 for signals of the receiver
130 demodulates the signal light 325 transmitted through
the optical fiber cable 200C into an electrical signal, and
outputs the electrical signal. Data based on the electrical
signal is transmitted to a node. Data from the node may
be used as information to be superimposed on the feed
light 112 through control of the semiconductor laser 111
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for power feeding by the power feeding controller 150.
[0108] The feed light 112 from the first data commu-
nication apparatus 100 is input to one end 201C of the
optical fiber cable 200C, propagates through the cladding
220C, andis output from an other end 202C to the second
data communication apparatus 300.

[0109] The signal light 325 from the second data com-
munication apparatus 300 is input to the other end 202C
of the optical fiber cable 200C, propagates through the
core 210C, and is output from the one end 201C to the
first data communication apparatus 100.

[0110] As illustrated in FIG. 7, the first data commu-
nication apparatus 100 is provided with a light input/out-
put part 140 and an optical connector 141 attached to the
lightinput/output part 140. The second data communica-
tion apparatus 300 is provided with a light input/output
part 350 and an optical connector 351 attached to the
light input/output part 350. The optical connector 141 is
connected to an optical connector 230C disposed at the
one end 201C of the optical fiber cable 200C. The optical
connector 351 is connected to an optical connector 240C
disposed at the other end 202C of the optical fiber cable
200C. The lightinput/output part 140 guides the feed light
112 to the cladding 220C, and guides the signal light 325
tothe receiver 130. The lightinput/output part 350 guides
the feed light 112 to the PD 310, and guides the signal
light 325 to the core 210C.

[0111] As described above, the one end 201C of the
optical fiber cable 200C is connectable to the first data
communication apparatus 100, and the other end 202C
of the optical fiber cable 200C is connectable to the
second data communication apparatus 300, and the
optical fiber cable 200C transmits the feed light 112. In
the present embodiment, the optical fiber cable 200C
transmits the signal light 325.

[0112] As a semiconductor material of a semiconduc-
tor region that exhibits a light-electricity conversion ef-
fect, the semiconductor laser 111 for power feeding and
the two light receivers 311 each include a material that is
the same as and/or similar to that of the firstembodiment.
Thus, a high optical power feeding efficiency is imple-
mented.

[0113] Note that an optical fiber for transmitting the
signal light 325 and an optical fiber for transmitting the
feed light 112 may be provided separately. The optical
fiber cable 200C may include a plurality of optical fiber
cables.

[0114] One of the signal light 325 and the feed light 112
may be transmitted via a space by the PoA method, and
the other may be transmitted through an optical fiber by
the PoF method.

[0115] The feed light 112 may be transmitted through
an optical fiber in a part of the section, and may be
transmitted via a space in another part of the section.
Alens suchas acollimatorlens may be disposed at a start
end of the spatial transmission section. A lens such as a
condensing lens or a diffusing lens may be disposed at a
terminal end of the optical fiber transmission section.
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[0116] The embodiments of the present disclosure
have been described above. However, the contents of
the present disclosure are notlimited to the embodiments
described above. Details and the like presented in the
embodiments can be appropriately changed without de-
parting from the spirit of the invention.

[0117] An embodiment of the present disclosure is
presented below. In an embodiment,

(1) A powered device includes

a first light receiver configured to convert feed
light incident thereon into electric power;

a second light receiver configured to convert the
feed light reflected by a light receiving surface of
the first light receiver into an electrical signal;
and

a demodulator configured to demodulate the
electrical signal converted by the second light
receiver, and acquire information, in which

the information is superimposed on the feed light
in advance by modulation.

(2) The powered device according to (1) includes

a light receiving chamber accommodating the
first light receiver and the second light receiver
therein, in which

the light receiving chamber includes an opening
at a portion facing the light receiving surface of
the first light receiver, the opening allowing the
feed light to be incident therethrough from out-
side.

(3) In the powered device according to (2),

an inner wall surface of the light receiving chamber
has unevenness to diffuse light, a color with a high
light absorptance, or both the unevenness and the
color.

(4) In the powered device according to any one of (1)
to (3),

in the feed light, an output changing portion to which
the information is modulated is superimposed on a
predetermined fundamental output.

(5) The powered device according to any one of (1) to
(4) includes

an optical fiber configured to transmit the feed
light, in which

the light receiving surface of the first light recei-
ver faces a light exit surface of the optical fiber,
and

a light receiving surface of the second light
receiver faces a waveguide portion of the optical
fiber, the waveguide portion being upstream of
the light exit surface in terms of the feed light.

(6) In the powered device according to any one of (1)
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to (5),

the first light receiver and the second light receiver
are each a photoelectric conversion element includ-
ing a laser medium of a laser wavelength of 500 nm
or shorter.

(7) An optical power feeding system includes:

power sourcing equipment; and

a powered device,

the power sourcing equipment being configured
to output feed light on which information is
superimposed by modulation,

the powered device including:

afirstlightreceiver configured to convertthe
feed light incident thereon into electric
power;

a second light receiver configured to con-
vert the feed light reflected by a light receiv-
ing surface of the first light receiver into an
electrical signal; and

a demodulator configured to demodulate
the electrical signal converted by the sec-
ond light receiver, and acquire the informa-
tion.

(8) A power receiving method comprising:

at a first light receiver, receiving feed light on
which information is superimposed in advance
by modulation, and converting the feed light into
electric power;

atasecond lightreceiver, receiving the feed light
reflected by a light receiving surface of the first
light receiver, and converting the feed light into
an electrical signal; and

demodulating the electrical signal converted at
the second light receiver, and acquiring the in-
formation.

INDUSTRIAL APPLICABILITY

[0118] As described above, the present invention is
useful for simultaneous transmission of electric power
and information via feed light.

REFERENCE SIGNS
[0119]

1A, 1B, 1C optical power feeding system
110 power sourcing equipment

111 semiconductor laser for power feeding
112 feed light

113 reflected light

114 transmitted light

150 power feeding controller

250, 250C optical fiber
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251 light exit surface

310 powered device

311 light receiver

311a first light receiver

311af light receiving surface

311ag light shielding plate

311ah hole

311b second light receiver

311 bf light receiving surface

312 light receiving chamber

312a inner wall surface

312b opening

316 optical waveguide

370 demodulation circuit (demodulator)
Pb base output (fundamental output)
Pw output changing portion

R radiation range

0 exit angle

Claims

A powered device comprising:

a first light receiver configured to convert feed
light incident thereon into electric power;

a second light receiver configured to convert the
feed light into an electrical signal; and

a demodulator configured to demodulate the
electrical signal converted by the second light
receiver, and acquire information, wherein

the information is superimposed on the feed light
in advance by modulation.

The powered device according to claim 1, wherein
the second light receiver is configured to convert the
feed light reflected by a light receiving surface of the
first light receiver into the electrical signal.

The powered device according to claim 2, compris-
ing:

a light receiving chamber accommodating the
first light receiver and the second light receiver
therein, wherein

the light receiving chamber comprises an open-
ing at a portion facing the light receiving surface
ofthe firstlight receiver, the opening allowing the
feed light to be incident therethrough from out-
side.

The powered device according to claim 3, wherein
an inner wall surface of the light receiving chamber
has unevenness to diffuse light, a color with a high
light absorptance, or both the unevenness and the
color.

The powered device according to any one of claims 2
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10

6.

10.

to 4, comprising:

an optical fiber configured to transmit the feed
light, wherein

the light receiving surface of the first light recei-
ver faces a light exit surface of the optical fiber,
and

a light receiving surface of the second light
receiver faces a waveguide portion of the optical
fiber, the waveguide portion being upstream of
the light exit surface in terms of the feed light.

The powered device according to any one of claims 2
to 5, comprising:

an optical fiber configured to transmit the feed
light to the first light receiver, wherein

the second light receiver is disposed outside a
radiation range of light radiated from a light exit
surface of the optical fiber, and

the radiation range is a conical range having a
vertex angle that is twice an exit angle 0 defined
by Equation (1) below,

NA=n-sind - (1),
where

NA: a numerical aperture of the optical fiber,
and
n: a refractive index of air.

The powered device according to claim 1, wherein
the second light receiver is configured to convert the
feed light transmitted through a light receiving sur-
face ofthe first light receiver into the electrical signal.

The powered device according to claim 7, compris-
ing:

a light shielding plate disposed between the first
light receiver and the second light receiver,
wherein

the light shielding plate comprises a hole
through which the feed light transmitted through
the light receiving surface of the first light recei-
ver passes.

The powered device according to claim 7 or 8, com-
prising:

an optical waveguide on which the feed light trans-
mitted through the light receiving surface of the first
light receiver is incident.

The powered device according to any one of claims 1
to 9, wherein in the feed light, an output changing
portion to which the information is modulated is
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superimposed on a predetermined fundamental out-

The powered device according to any one of claims 1
to 10, wherein the first light receiver and the second
light receiver are each a photoelectric conversion
element including a laser medium of a laser wave-
length of 500 nm or shorter.

12. An optical power feeding system comprising:

power sourcing equipment; and

a powered device,

the power sourcing equipment being configured
to output feed light on which information is
superimposed by modulation,

the powered device comprising:

afirstlightreceiver configured to convertthe
feed light incident thereon into electric
power;

a second light receiver configured to con-
vert the feed light reflected by a light receiv-
ing surface of the first light receiver into an
electrical signal; and

a demodulator configured to demodulate
the electrical signal converted by the sec-
ond light receiver, and acquire the informa-
tion.

13. An optical power feeding system comprising:

power sourcing equipment; and

a powered device,

the power sourcing equipment being configured
to output feed light on which information is
superimposed by modulation,

the powered device comprising:

afirstlightreceiver configured to convert the
feed light incident thereon into electric
power;

a second light receiver configured to con-
vert the feed light transmitted through a light
receiving surface of the first light receiver
into an electrical signal; and

a demodulator configured to demodulate
the electrical signal converted by the sec-
ond light receiver, and acquire the informa-
tion.

14. A power receiving method comprising:

at a first light receiver, receiving feed light on
which information is superimposed in advance
by modulation, and converting the feed light into
electric power;

atasecond lightreceiver, receiving the feed light
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20

reflected by a light receiving surface of the first
light receiver, and converting the feed light into
an electrical signal; and

demodulating the electrical signal converted at
the second light receiver, and acquiring the in-
formation.

15. A power receiving method comprising:

at a first light receiver, receiving feed light on
which information is superimposed in advance
by modulation, and converting the feed lightinto
electric power;

atasecond lightreceiver, receiving the feed light
transmitted through a light receiving surface of
the first light receiver, and converting the feed
light into an electrical signal; and
demodulating the electrical signal converted at
the second light receiver, and acquiring the in-
formation.
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